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Abstract. Variations of the optical continuum emission in the radio galaxy 3C 390.3 are 
compared to the properties of radio emission from the compact, sub-parsec-scale jet in this 
object. We showed that very long-term variations of optical continuum emission 10 
years) is correlated with the radio emission from the base of the jet located above the disk, 
while the optical long-term variations (1-2 years) follows the radio flares from the stationary 
component in the jet with time delay of about 1 year. This stationary feature is most likely 
to be a standing shock formed in the continuous relativistic flow seen at a distance of ~ 0.4 
parsecs from the base of the jet. To account for the correlations observed we propose a 
model of the nuclear region of 3C 390.3 in which the beamed continuum emission from 
the jet and counterjet ionizes material in a subrelativistic outflow surrounding the jet. This 
results in the formation of two conical regions with double-peaked broad emission lines (in 
addition to the conventional broad line region around the central nucleus) at a distance x 
0.6 parsecs from the central engine. 

Key words, galaxies: jets - galaxies: nuclei - galaxies: individual: 3C 390.3 - radiation 
mechanisms: non-thermal. 



1. Introduction 

Active galactic nuclei (AGN) are believed to be 
powered by accretion of a disk material into the 
central nucleus (or black hole; hereafter, BH). 
The accretion energy is transformed to the ra- 
diation of thermal variable continuum emis- 
sion generated in the disk and to the kinetic 
energy of the bipolar outflows of plasma ma- 
terial ejected in the directions normal to plane 
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of the disk. In radio-loud AGN, the outflows 
(jets) are collimated and highly relativistic, and 
synchrotron continuum emi ssion from jets may 
dominate at all energies (lUlrich et al.lll997t 
IWorrall 2005). The continuum variable emis- 
sion in these AGN may be related to both the 
jet and accretion flows and, hence, to be a mix- 
ture of thermal and non-thermal emission. It is 
believed that continuum radiation ionizes the 
clouds in the broad-line regions (BLR), there- 
fore the localization of the source of variable 
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continuum emission is instrumental for under- 
standing the structure of the central engine and 
its operation. The jets originate very near to the 
BH and may trace the environment of an AGN 
from subpc- to kpc-scales in directions of ad- 
vancing. 

To localize the source of optical contin- 
uum emission in the jet we search for a posi- 
tive correlation between the variability of the 
optical continuum flux and radio flux den- 
sity of the parsec-scale jet for the radio-loud 
galaxy 3C 390.3 (z = 0.0561). We combined 
archived monitoring data of ^ 100 optical 
data points with 10 radio points available from 
the very long baseline interferometry (VLBI) 
observations at 15 GHz made from 1992 to 
2002 using the VLBA (Very Long Baseline 
Array). Although the radio sampling was poor 
we found a correlation at a confidence level 
of 90% between variations of the optical con- 
tinuum and radio flux density of the station- 
ary c omponent (SI) of the jet (iArshakian et al.l 
I2OO8I1) . The potential source of optical emis- 
sion was identified with SI component - the 
VLBI core of the jet located at a distance of 
X! 0.4 pc from the central nucleus. Inspired by 
a relatively high significance of the correlation 
(while using only 10 radio points) and the link 
found between ejection epochs of jet compo- 
nents and maxima in the optical light curve, we 
propose a dense monitoring of six radio galax- 
ies (including 3C 390.3) from 2005 using the 
VLBI and optical spectroscopy (with 2 meter 
class telescopes in Mexico) to check previous 
results. 

2. Structure and kinematics of the 
VLBI jet 

Modelfitting of a single epoch of VLBA im- 
age (Fig. [TJ reveals five radio components on 
scales of 2 mas (1 mas = 1.09 pc). For 19 
VLBA data sets from 1994 to 2008 we find 
two stationary components (SI and S2) sep- 
arated from D by 0.28 mas and 1.5 mas, re- 
spectively, and eight moving components (C4- 
Cl 1). Apparent speeds of moving components 
lie between 0.8 c and 1 .5 c. Back extrapolations 
of the fits to moving components allows the 
epochs of their ejection from D and epochs of 



3C390.3 VLBA, 15GHz 

_ Epoch: 1998.21 




Relative R.A, [mas] 

Fig. 1. A single epoch (1998.21) radio structure of 
3C 390.3 observed with VLBA at 15 GHz. 



passing through the stationary component SI 
to be estimated (see bottom panel in Fig. |2]). 
Variations of flux densities of two innermost 
stationary components (D and SI) of the jet are 
presented in Fig. |2] (panels (b) and (c)). 

3. Couplings between subpc-scale jet 
and central engine 

3.1. Jet - optical continuum 

Variations of optical continuum fluxes at 
5 100 A, Hy6 emission line fluxes, flux densi- 
ties from D and SI stationary components of 
the jet at 15 GHz are shown in Fig. |2] Both 
radio (from D and SI) and optical variations 
have two independent components: long-term 
(5 2 yr) and very long-term (<: 10). This is ev- 
ident also from the historical light curve of op- 
tical continuum in 3C 390.3 (see, for example, 
Shapovalova et al. 2001) which shows a su- 
perposition of short-term flares (few months), 
long-term (few years) and very long variations 
of tens years. Long-term flares from S 1 compo- 
nent vary on timescales of ^ 2 yr, very similar 
to optical flares having comparable timescales 
(Fig. 121 panels (a) and (c)). Moreover, the rel- 
ative amplitudes of optical and radio flares are 
comparable changing the intensity by a factor 
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Fig. 2. The variatio ns of the optical and radio fluxes of 3C 390.3 from 1992 to 2008 jShapovalo va et all 
1200 ll : ISergeev et al] l2002. Shapovalova, priv. comm.; Tavares et al., in prep.). Optical continuum fluxes at 
5100A (top panel; normalized to 10"" erg s"' cm"^ A"'), radio flux densities from D and SI stationary 
components of the jet at 15 GHz (panels (b) and (c)), and times of ejection of radio components at D 
(/d; grey triangles in the panel (d)) and times of passing the moving components through SI (fsi; black 
triangles). 



of 3 for optical continuum flux and factor of 4 
in the case of radio flux from S 1 . 

On the other hand, variations of radio emis- 
sion from D is more smooth and follows the 
changes in the optical continuum on timescales 
of > 10 yr (Fig. El panels (a) and (b)). To 
demonstrate the similarity of changes in opti- 
cal and radio fluxes we fit the radio light curve 
and selected ranges in the minima of optical 
curve by polynomial function of the 4th order 
and presented the scaled fits in Fig. [3] The op- 
tical and radio (D) fluxes increase by the same 
factor (^3 times) from 1996 to 2008 and have 
a surprisingly similar behavior. This suggests 
that optical variations on timescales of decades 
are related to radio variability of the compo- 
nent D, while optical long-term flares are cou- 



pled with radio flares of S 1 component of the 
jet. 

Z-tr ansformed correlation function 
([Alexan der 1997) is used to calculate the 
correlation between /(5100A) and /(SI) as 
this method can deal with sparsely sampled 
data. The distribution of time lags peaks 
around 1^0 04 wilh correlation coefficient 
of 0.54^0 22. Although the uncertainties of the 
correlation coefficient are large (because of 
small radio sampling) there is an indication 
that the correlation could be real. This is 
evidenced by a similarity of the relative ampli- 
tudes and timescales of optical and radio (from 
SI) flares: optical and radio fluxes rise by a 
factor of » 3 on timescales of 1.5-2 years. One 
could suggest that the radio emission from 
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SI component leads the optical continuum 
emission with time lag of about one year. 

We confirm the link between fsi and max- 
ima in the optical cont inuum flux (p reviously 
reported by Arshaki an et al.l l2008l) for two 
new components, C9 and CIO, ejected around 
2004.3 (the Cll component is not taken into 
account because of large errors in fsi). All 
seven ejection events occur within ~0.3 yr af- 
ter a local maximum is reached in the intensity 
of the optical continuum. The probability that 
it happens by chance is very small (< 0.0001) 
suggesting that the process of passing of radio 
knots through S 1 and reaching the maxima in 
the optical intensity are related. 

3.2. Jet - BLR 

The BLR in 3C 390.3 appears to be com- 
plex dSergeev et al. '2002'). probably because of 
multiple component structure of the emitting 
region. To check whether the Hfi broad-line 
profile changes during long-term flares of the 
optical continuum emission, we averaged the 
Hj6 profiles during the minimum and maximum 
of the optical continuum (around 1994.5 and 
1995 respectively). The averaged line profile 
in the minimum state has two peaks (red and 
blue) (Fig. m bottom solid profile), while in 
the maximum state it appears to have an ad- 
ditional central peak (Fig.|4l top solid profile) 
which is clearly seen also in the residual pro- 
file (dashed profile). The blue and red peaks 
are shifted at around -3000 km s"' and -1-4200 
km s ' , and central peak tends to be blueshifted 
around -350 km s"'. This is a clear evidence 
that a new broad line region moving towards 
observer is excited during the maximum state 
of the optical flare. 

4. Identification of D and S1 
components 

Identification of the regions D and SI is 
important for understanding the structure of 
the central engine in 3C 390.3 and location 
of continuum sources producing the variabl e 
continuum radiation dArshakian et alJ l2008l) . 
If D would be the base of the counterjet we 
should expect that /(D)< /(SI) because of 
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Fig. 3. Fits of normalized optical and radio (from 
D) liglit curves (dashed and solid lines respectively). 
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Fig. 4. The averaged H/? broad-line profiles in the 
maximum and minimum states of the optical con- 
tinuum (top and bottom solid lines) and tfie residual 
profile (dastied line) between them. 



relativistic (Doppler) deeming eff'ect. The fact 
that /(D)> /(SI) over 14 years of monitoring 
period rules out D being the base of the 
counterjet. It is likely that D is the base of 
the jet located near the BH. This idea is 
supported by the link between the ejection 
epochs of the components C5 and C8 from D 
and the dip in th e X-ray flux and hardenin g 
of the spectrum dArshakian & Bellonil l2006l) . 
similar to radio galaxi es 3C 12 and 3C 1 1 1 
(Marscheretal. 2002: iMarsch er 2006). This 
correlation was interpreted as an accretion of 
the X-ray emitting gas in the disk into BH and 
ejection of a fraction of the infal ling matter 
into the jet dMarscher et all |2002|) . The base 
of the jet (or D component) is likely to be 
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located near the BH in or above a hot corona. 
The jet plasma material is then accelerated 
and coUimated by helical magne tic fields and 
produces standing conical shock (iGomez et al.l 
[1995) seen at radio wavelength at a distance of 
S 1 pc from the BH. Such a standing feature is 
seen in VLBI images of almost all radio-loud 
AGN and is known as the core of the jet. We 
associate the stationary component SI (at a 
0.3 pc projected distance from D) with the 
VLBI core of the jet. 



5. Models of the central subpc-scale 
region 

Here we discuss the results of previous sections 
and draw possible emission models of the cen- 
tral engine. 

The conventional source of thermal vari- 
able optical emission is located in the disk 
and powered by the accretion of disk material 
onto the central BH. Optical radiation ionizes 
the central BLR (CBLR) rotating around the 
BH at a distance $ 1 pc. However, in power- 
ful radio galaxies a synchrotron variable op- 
tical radiation can be generated also in the 
relativistic jet. Depending on location of the 
source of optical continuum emission differ- 
ent regions of broad-line emission can be ex- 
cited along the jet provided there is enough gas. 
According to pr esent models of relativistic jets 
(lMarscheretalJl2008l and references therein) 
the plasma material accreted onto central nu- 
cleus is accelerated and collimated by heli- 
cal magnetic fields up to a distance of ~ 10"^ 
Schwarzschild radii. In this region the beamed 
X-ray, UV, optical and radio continuum emis- 
sion can be generated. Due to synchrotron self 
absorption in the jet the beamed X-ray emis- 
sion is radiated near the central nucleus, while 
UV and optical emission would appear with 
some time delay at larger distances, % 1 pc. 
The observed Hy6 emission line of the CBLR 
can be excited by both the beamed synchrotron 
optical emission of the jet and thermal optical 
emission from the disk. At the end of the ac- 
celeration and coUimation zone the jet flow be- 
comes turbulent (because of absence of helical 
magnetic fields) and ends in a standing coni- 



cal shock which is associated with the VLBI 
core (SI component for 3C 390.3). Electrons 
accelerated to high energies in the shock re- 
gion generate synchrotron emission from ra- 
dio to optical bands as evidenced from multi- 
waveband polari zation variability in the q uasar 
PKS 0420-014 ( D'Arcangelo et al.ll2007l) . The 
variability of radio and optical emission from 
the jet core region can be understood in terms 
of disturbances in the jet (moving radio knots) 
originated near the central nucleus and spiral- 
ing along the jet streamline. Energy released 
from interaction of moving radio features with 
the standing shock generates the variable non- 
thermal radio and optical emission, which can 
ionize t he gas in the rotating subrelativistic 
outflow (Mu rray et alJll997HProga et alJl2000h 
surrounding the jet and thus ionize the second 
outflowing BLR (OBLR) elongated along the 
jet. In BL Lac type objects (in which the jet 
oriented near the line of sight) moving com- 
ponents also may enhance the radio emission, 
optical. X-ray and even Gamma-ray emission 
when passing near the line of sight of the ob- 
server In the case of 3C 390.3 the jet is in- 
clined at a: 50°, hence, the Doppler beaming 
of optical emission from moving components 
should be weak but it may ionize the BLR and 
thus contribute to the flux of Hfi emission line. 

Variations of the Hy6 emission line fol- 
lows the optical continuum flares with a time 
lag in the range between ^ (20 to 100) days 
('Dietrich et al 1998'; 'ShapovalovaeLaLlllQOll 
Sergeev et al. 2002). An important question is 
in which BLR (CBLR or OBLR) the DP pro- 
file is generated. In 3C 390.3, the blue and red 
wings of the Wfi e mission Une oc cur simul- 
taneously (Shapovalo va et al] 1200 ll) implying 
that the DP emission lines should be generated 
in the same BLR, eiflier in CBLR or OBLR. 
Moreover, the separation between blue and red 
peaks of the HyS emission line (Fig. |4]i anti- 
correlates waAJntensiti;_ofo2ti^ continuum 
emission dShapovalova et al.ll200ll) . 

5.1. The DP profile generated in the 
outflowing BLR 

In the model where the non-thermal variable 
optical continuum emission of the jet ionizes 
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the DP emission line, the source of long-term 
optical continuum emission should be located 
at a distance of 0.3 pc from the radio core SI 
(because of time lag of about one year be- 
tween radio and optical flares), and at a dis- 
tance of ~ 0.6 pc from the central BH. Such 
long-term optical flares can be produced by 
inverse Compton scattering of radio photons 
(from S 1 region) by relativistic electrons of the 
jet. Optical flare can illuminate the outflow- 
ing conical BLR giving rise to the DP emis- 
sion line profile. Depending on the orientation 
of the jet the approaching and rotating outflow 
should imprint a prominent signatures on the 
broad emission lines such as blue-shifted and 
single-peaked. The blueshifted central peak of 
the Hfi profile (Fig. |4]l is a signature of the 
outflowing BLR. A dopting an i nclination an- 
gle of 50° of the jet (lArshakian et al. 2008) we 
estimate the outflow speed of the BLR to be 
around 500 km s"' while the maximum rota- 
tion velocity is ~ 2000 km s"^ Very long-term 
changes of thermal optical continuum emission 
are generated in the accretion disk, and corre- 
lated with radio emission of D component lo- 
cated above the disk near the hot corona. 

5.2. The DP profile generated in tine 
central BLR 

There are two basic ways for attempting to 
avoid the necessity of forming at least a frac- 
tion of broad-line emission at a large distance 
above the accretion disk. In these cases, the 
broad-line emission would be produced in a 
canonical BLR above the accretion disk, re- 
laxing the need to have a relation between 
broad-line emission and the continuum emis- 
sion from the jet. These two alternative scenar- 
ios are considered below in more detail. The 
first alternative is to assume that the long-term 
and very long-term variable optical continuum 
is produced in the vicinity of the central en- 
gine located in D, followed by variations in 
the radio regime, with some delay between the 
two. This scheme requires that the variable op- 
tical continuum is produced near the location 
of the component D, and the broad-line emis- 
sion is generated in a CBLR above the accre- 
tion disk. The radio emission from D should 



follow the optical continuum with some delay, 
which cannot be measured from the existing 
data. In the maxima of optical emission the jet 
contribution to the continuum becomes signif- 
icant and manifests itself by ionizing a conical 
volume of CBLR and/or OBLR along the jet 
direction and producing the central SP compo- 
nent in the li/3 emission line profile (Fig. |4|. 
In this scenario, the correlation observed be- 
tween the radio and optical continuum fluxes 
(Fig.©, in which the radio emission leads the 
optical continuum emission, has to be ignored. 
While the relative sparsity of the radio mea- 
surements leaves a theoretical possibility for 
such a confusion, the existing data indicate 
that the probability of it to happen is less than 
5 %. Therefore, this scheme also can hardly be 
adopted at present. 

5.3. A binary black hole 

The second alternative is to reconsider the 
binary black hole scenario proposed for 
3C 390. 3 by Gaskell ( 1996 ) and discussed by 
Eracle ous et alJ (Il997h and IShapovalova et alJ 
(.2001.) . In the second scenario, the double- 
peaked lines are formed in a binary black 
hole system in wh ich each black hole has an 
independent BLR (lGaskelL ,1996). The binary 
black hole scenario cannot explain the corre- 
lated, simultaneous variabi lity of the red and 
blue wings of the H/3 line dShapovalova et al] 
1200 11) . If the two black holes are located in 
D and SI, the total mass of the binary must 
exceed ~ 5 x lO** (Pobs/lOOOyr)M0. The 
observed radial velocity changes indicate 
a possible period i city shorter than lOOyr 
(IShapovalova et alJ 1200 ll) . pushing the total 
mass of the binary to ~ 10" Mq. The trends 
observed in the radial velocities cannot be 
reconciled w ith the orbital m otion in a binary 
black hole dEracleous et alj [l997) . Thus a 
binary system with two black holes located 
in D and SI also has significant difficulties 
with explaining the observed properties of 
3C 390.3. The possibility that the black hole 
associated with D has a companion with a 
much smaller orbital separation cannot be 
ruled out at present, but it would face the same 
difficulties as in the scenario in which the 
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variable optical continuum is generated in the 
vicinity of D. 



6. Discussion and conclusions 

The scheme proposed in the previous section, 
where the long-term variable optical contin- 
uum emission is generated in the jet and DP 
emission line are produced in the jet-excited 
BLR, explains the correlations observed be- 
tween the radio, optical and X-ray light curves, 
and relates them to the evolution of the com- 
pact relativistic jet on scales of $ 0.5 pc. It 
requires that at least a fraction of the broad- 
line emission in 3C 390.3 is excited by the non- 
thermal variable continuum emission from the 
jet. The large distance of the jet-excited OBLR 
from the central engine challenges the exist- 
ing models in which the broad-line emission 
is localized exclusi vely around the disk o r near 
the central engine dPeterson et al.ll2002h . The 
existence of the jet-excited OBLR in 3C 390.3 
will question the as sumption of viriali zed mo- 
tion in the BLR (iKaspi et alJ l2000l) of all 
radio-loud AGN, galaxies and quasars, and, 
hence, th e applicability of th e reverberation 
mapping (Peterson et al. 2002) to estimate the 
black hole masses of radio-loud AGN. Time 
delays and profile widths measured during pe- 
riods when the jet emission is dominant may 
not necessarily reflect the Keplerian motion 
in the disk, but rather trace the rotation and 
outward motion in an outflow. This can re- 
sult in large errors in estimates of black hole 
masses made from monitoring of the broad- 
line emission. In the case of 3C 390.3, the 
black hole mass (2.1 x 10^ solar masses, Mq) 
estimated effectively from the measurements 
near t he maximum in the c ontinuum light 
curve dShapovalova et alJ200 l') is significantly 
larger than the values (3.5-4x 10^ Mp) reported 
in other works dWandel et al.ll999HKaspi et alJ 
l2000h . This difference is reconciled by consid- 
ering the line width and the time delay between 
the optical continuum and line fluxes near the 
minimum of the continuum light curve, which 
yields Mbh = 3.8 x 10** Mq. The possible exis- 
tence of an outflow-like region in a number of 
radio-loud AGN should be taken into account 



when estimates of the nuclear mass are made 
from the variability of broad emission lines. 

We analysed the combined radio VLBI (15 
GHz) and optical data of double-peaked radio- 
loud galaxy over the period from 1994 to 2008. 

1 . The structure of the parsec-scale jet is anal- 
ysed using 19 epochs of radio VLBI data. 
Two stationary components (D and SI) and 
eight moving radio features were identified 
on scales of few parsecs. Apparent speeds 
of moving components are estimated to be 
in the range from 0.8 c to 1 .5 c. Radio flares 
of S 1 component happens on timescales of 
1-2 years (long-term), while a radio flux 
density of D component increases grad- 
ually during the time period of 16 years 
(very long-term). 

2. Variations of optical continuum has two 
components, one changing on timescales 
of 1-2 years and one on time-scales of 
few decades, similar to radio flares of SI 
and D stationary components of the jet. 
We found a striking similarity in the very 
long-term behavior of optical and radio (D) 
emission indicating that they are physically 
linked. Identification of D component with 
the base of the jet suggests that both very 
long-term optical and radio emission have 
a thermal origin and are generated in the 
disk and hot corona above the disk, respec- 
tively. 

Cross-correlation analysis showed that 
long-term optical variations follow a radio 
flares from S 1 component with time lag of 
X! 1 year The correlation coefficient is 0.56 
with large uncertainties resulting from the 
sparsely sampled radio data. Identification 
of S 1 component as the radio core of the jet 
suggested that the source of long-term op- 
tical emission is located at a distance of 0.6 
pc from the central BH, and at 0.3 pc from 
the VLBI core of the jet (SI component). 
The link between component SI and op- 
tical continuum is also supported by the 
correlation between the local maxima in 
the optical continuum light curve and the 
epochs at which the moving components of 
the jet pass the stationaiy radio feature SI. 
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3. A model proposed for the central sub- 
parsec scale region in 3C 390.3 may ac- 
count for the observed radio-optical corre- 
lations. According to this model a slowly 
changing thermal optical continuum emis- 
sion is generated in the disk while the rel- 
ativistic jet flow generates flares of optical 
synchrotron radiation on time scales of 1- 
2 years and at a distance of ~ 0.6 pc from 
the central BH. The optical emission of the 
jet ionizes the rotating and outflowing BLR 
which produces the double-peaked profile 
of the Hj8 emission line. 

A denser VLBI radio sampling covering a 
time period of several years is needed to con- 
firm the correlation between the sub-parsec- 
scale jet and variable optical continuum and 
further to test the model suggested for the nu- 
clear region of radio-loud galaxy 3C 390.3. To 
understand whether this correlation is common 
for other galaxies we started the coordinated 
long-term radio-optical observations of nearby 
radio-loud galaxies. 

Acknowledgements. VHC is supported by 
CONACYT research grant 54480 (Mexico). 
LCP is supported by Ministry of Science of 
Serbia (project 146002) and the Alexander von 
Humboldt foundation. JT acknowledges support 
from the CONACyT program for PhD studies, 
the International Max Planck Research School 
(IMPRS) for Radio and Infrared Astronomy at 
the Universities of Bonn and Cologne and the 
DAAD for a short-term scholarship in Germany. 
AIS acknowledges support from RFBR (grant 
06-02-16843). The National Radio Astronomy 
Observatory is a facility of the National Science 
Foundation operated under cooperative agreement 
by Associated Universities, Inc. 



Cosmology - Einstein's, 189 (arXiv:astro- 

ph/0602016) 
D' Arcangelo, F. D., et al. 2007, ApJ, 659, L107 
Dietrich, M., et al. 1998, ApJS, 115, 185 
Eracleous M., Halpern J.P., Gilbert A.M., 

Newman J.A., Filippenko A.V., 1997, ApJ, 

490, 216 

Gaskell CM., 1996, ApJ, 464, L107 

Gomez J.L., Marti, J.M.A., Marscher A.P., 

Ibanez J.M.A., Marcaide J.M., 1995, ApJL, 

449, L19 
Kaspi S. et al., 2000, ApJ, 533, 631 
Marscher A.P. et al., 2002, Nature, 417, 625 
Marscher A.P., 2006, VI Microquasar 

Workshop: Microquasars and Beyond, ed 

Belloni, T., PoS (MQW6), 25 
Marscher, A. P, et al. 2008, Nature, 452, 966 
Murray N., Chiang G., 1997, ApJ, 474, 91 
Peterson B.M., 2002, Advanced Lectures 

on The Starburst-AGN Connection, eds 

Aretxaga I., Kunth D. & Mvijica R., 

Singapore World Scientific, 3 
Proga D., Stone J.M., Kallman, T.R., 2000, 

ApJ, 543, 686 
Sergeev S.G., Pronik V.I., Peterson B.M., 

Sergeeva E.A., Zheng W., 2002, ApJ, 576, 

660 

ShapovalovaLA. et al., 2001, A&A, 376, 775 
tOrich M., Maraschi L., Urry CM. 1997, 

ARAA, 35, 445 
Wandel A., Peterson B.M., Malkan M.A., 

1999, ApJ, 526, 579 
Worrall D.M., 2005, Multiband Approach 

to AGN, eds Lobanov, A.P. & Venturi, 

T. Memorie deUa Societa Astronomica 

Italiana, 76, 28 



References 

Alexander, T. 1997, Astronomical Time Series, 
218, 163 

Arshakian T.G., Belloni T., 2006, VI 
Microquasar Workshop: Microquasars 
and Beyond, ed BeUoni, T., PoS (MQW6), 

29 

Arshakian, T. G., Lobanov, A. P., Chavushyan, 
V. H., Shapovalova, A. I., & Zensus, J. A. 
2008, Relativistic Astrophysics Legacy and 



